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I.  SCIENTIFIC  PROBLEM 


The  research  supported  by  this  contract  involves  basic  studies  of  vacuum 
ultraviolet  (VUV)  photoionization  processes  in  atoms  and  molecules.  Using 
advanced  experimental  approaches,  described  in  Section  II,  we  seek  to  develop 
new  Insight  and  basic  data  concerning  the  spectroscopy  and  dynamics  of  atomic 
and  molecular  photoionization  by  observing  complementary  observables,  e.g., 
partial  photoionization  cross  sections,  photoelectron  branching  ratios,  and 
photoelectron  angular  distributions.  These  studies  have  led  to  novel 
measurements  and  to  new  insight  into  photoionization  mechanisms,  particularly 
regarding  the  effects  of  shape  resonances  and  autoionization  on  vibrational 
ionization  channels. 

In  addition  to  our  prime  goal  of  developing  a  clear  understanding  of 
photoionization  spectroscopy  and  dynamics,  this  work  Impacts  on  at  least  three 
other  areas:  First,  we  seek  to  develop  new  probes  of  the  photoionization 
process.  In  recent  annual  periods,  this  project  has  introduced  the  techniques 
of  fluorescence  polarization  spectroscopy  of  molecules  and  photoelectron- 
photoion  coincidence  spectroscopy  of  clusters  formed  in  a  supersonic 
expansion.  At  the  present  time,  attention  is  focussed  on  completion  of  a  new, 
high-resolution  angle-resolved,  dual  photoelectron  spectrometer  system 
(discussed  below).  Future  work  will  be  aimed  at  such  experiments  as  electron- 
electron  coincidence  studies,  VUV  photoionization  of  laser-excited  states,  and 
photoelectron-photoion  coincidence  studies  of  molecular  fragmentation  using 
synchrotron  radiation.  Second,  this  project  produces  data  crucial  for  testing 
theoretical  predictions  and,  thus,  contributes  to  the  development  of  realistic 
theories  of  atonic  and  molecular  photoionization.  Third,  the  data  produced  by 
this  project  contributes  to  characterizing  the  alternative  pathways  by  which 
radiation  Interacts  with  matter,  and  hence  contributes  to  the  macroscopic 
modeling  of  such  microscopic  interactions* 

II.  SCIENTIFIC  AND  TECHNICAL  APPROACH 


The  main  experimental  approach  used  in  this  work  Involves  triply 
differential  photoelectron  measurements  using  synchrotron  radiation  as  the 
continuously  tunable  source  of  ionizing  radiation.  By  triply  differential 
photoelectron  studies,  we  mean  that  photoelectron  intensity  measurements  are 
made  as  a  function  of  three  completely  independent  variables  —  the  Incident 
wavelength,  X,  the  kinetic  energy  of  the  ejected  electron,  T,  and  the  angle  of 
ejection,  6,  relative  to  the  polarisation  direction  of  the  light.  Variation 
of  X  permits  the  systematic  mapping  of  photoionization  properties  throughout 
the  vacuum-ultraviolet  wavelength  range,  including  probing  important  spectral 
features  such  as  autolonlzing  states,  shape  resonances,  and  near-threshold 
phenomena.  Variation  of  T  permits  the  selection  of  particular  electronlc- 
vlbrational-(rotatlonal)  Ttates  formed  in  the  photoionisation  process.  Hence, 
by  monitoring  the  whole  manifold  of  final  states  (different  T's),  one  can 
determine  the  effect  of  alternative  photolonisatlon  mechanisms  (selected  by 
choosing  X,  as  discussed  above)  on  relative  probabilities  of  forming  the 
various  final  states.  Variation  of  9  permits  the  characterisation  of  the 
angular  distribution  of  pbotoelectrons  for  each  final  state  and  X.  In 
photolonisatlon  of  free  atoaa  and  molecules  the  angular  dependence  of 
photoelectron  intensity  bas  the  simple  fora 


where  o  is  Che  integrated  cross  section  and  0  is  called  the  asymmetry 
parameter.  Therefore,  the  angular  distribution  as  a  function  of  (T,A)  can  be 
characterized  by  0,  which  in  turn  can  be  measured  by  recording  peak  strengths 
at  as  little  as  two  angles.  While  it  is  true  that  most  applications  of 
photoionization  data  hinge  primarily  on  partial  cross  sections  (or  branching 
ratios),  angular  distributions  play  an  indispensable  role  in  testing 
theoretical  models  and  in  the  fundamental  understanding  of  the  photoionization 
process.  Hence,  both  branching  ratios  and  0's  are  critical  to  sound 
scientific  study  of  photoionization  processes. 

In  addition,  this  project  introduced  two  techniques  to  address  new  types 
of  problems  In  molecular  photoionization.  These  are  fluorescence  polarization 
spectroscopy  of  molecules  and  photoelectron-photoion  coincidence  spectroscopy 
on  selected  clusters  formed  in  mixtures  in  supersonic  expansions.  Expertise 
in  these  techniques  is  available  for  use  in  future  research  as  the  need 
arises.  Further  development  of  our  measurement  capabilities  is  under 
consideration  but  is  also  subject  to  staffing  levels.  Experimental  approaches 
of  interest  Include  electron-electron  coincidence  measurements  of  double 
electron  ejection,  VUV  photoionization  of  laser  excited  states,  and 
photoelectron-photolon  coincidence  studies  of  molecular  fragmentation  using 
synchrotron  radiation. 

III.  PROGRESS 

The  scientific  accomplishments  of  this  program  during  the  last  contract 
period  are  reflected,  in  part,  in  the  papers,  abstracts  of  contributed  talks, 
and  invited  lectures  listed  in  Section  IV.  In  particular  papers  20,  and  23-26 
were  previously  submitted,  but  appeared  in  this  contract  period.  Papers  27-30 
are  new  submissions  in  this  contract  period.  In  addition,  abstracts  31-33  and 
invited  talks  26-32  were  added  during  this  contract  period. 

The  highlights  of  the  past  year,  not  all  of  which  are  represented  by  the 
papers,  abstracts,  and  talks,  can  be  summarized  in  six  categories:  First,  and 
most  significant  for  the  future  of  the  program,  we  have  devoted  the  major 
portion  of  our  research  effort  to  the  completion  of  a  new  generation  double 
electron  spectrometer  system  for  triply  differential  photoionization 
studies.  This  new  system  has  been  under  development  for  over  two  years  and 
will  yield  two  to  three  orders  of  magnitude  improvement  in 
sensitivity/resolution  over  our  previous  instrument  and  others  that  have 
appeared  since  our  initial  work  in  this  field.  This  is  crucial  for  addressing 
the  most  significant  problems  in  the  field  now  and  in  the  future.  The  oust 
important  problems  frequently  require  high  photon  resolution  and  detector 
sensitivity  to  probe  typically  narrow  autolonlzing  resonances  and  high 
electron  energy  resolution  to  resolve  vibrational  modes  in  molecules  more 
complex  than  first  row  dlatomlcs.  The  steps  taken  during  the  last  year 
Include:  (a)  installation  of  the  Instrument  at  the  MBS  SURF-II  synchrotron 
radiation  facility  in  June,  1983;  (b)  solution  of  special  magnetic  shielding 
problems  caused  by  the  high  magnetic  field  (2  Gauss)  environment  of  the 
electron  storage  ring;  (c)  refinement  of  the  electrical  shielding  used  to 
protect  the  collision  zone  from  electric  fields  caused  by  the  voltages  applied 
to  the  hemispherical  analysers;  (d)  completion  of  the  sophisticated  software 
required  to  Interface  the  instrument,  automate  the  data  taking,  and  analyse 
the  raw  data;  (e)  development  of  calibration  procedures  to  correct  for  the 
analysers ’  electron  transmission  function  and  a  small  angular  correction 


factor;  (f)  Initial  data  acquisition.  Most  of  this  instrument  development 
work  Is  described  in  paper  28.  Application  of  the  instrument  to  our 
scientific  objectives  is  beginning  at  this  time.  Second,  data  on  t^-lllce 
molecular  environments,  taken  with  our  first-generation  instrumentation,  was 
analyzed  and  published  or  submitted  for  publication.  This  included  studies  on 
C2N2,  HCN,  and  CH3CN  described  in  papers  24,  26,  and  27.  The  objective  of 
this  work  was  to  trace  the  effects  of  chemical  environment  on  the  shape- 
resonant  features  known  to  exist  in  ^  Third,  a  major  study  on  triply 
differential  photoelectron  measurements  of  valence  shell  photoionization  in 
BF3  was  prepared  for  publication.  This  work,  described  in  paper  29,  has  been 
accepted  for  publication  in  Phys.  Rev.  A.  It  contains  a  comparison  of  our 
data  with  the  only  existing  theoretical  work  on  the  medium-sized  molecule 
BF3.  This  comparison  showed  that  the  e*  shape  resonance,  well  known  in  inner 
shell  spectra,  appears  in  certain  valence  shell  channels  but  is  absent  in 
others.  This  reinforces  the  pattern  we  and  others  have  observed  that  valence 
shell  photoionization  dynamics  are  more  complicated  than  inner  shell  dynamics 
due  to  continuum-continuum  coupling,  autoionization,  vibrational  effects, 
etc.  This  study  adds  an  important  example  to  the  presently  intense  study  of 
"missing'*  shape  resonances  in  valence  shell  spectra  and  the  search  for  the 
responsible  dynamical  effects.  Fourth ,  we  have  nearly  completed  preparation 
of  a  study  of  electric  field  effects  on  molecular  photoionization,  using 
fluorescence  techniques.  In  a  novel  study  of  the  effects  of  electric  fields 
on  excited-state  thresholds,  we  have  provided  evidence  for  the  non-hydrogenlc 
nature  of  observed  threshold  shifts  caused  by  short-range  forces  in  the 
molecular  field.  Several  measurements  of  this  and  related  types,  taken 
earlier,  remain  to  be  analyzed  and  published.  Fifth,  a  review  article  (paper 
30)  associated  with  invited  talk  27  was  completed.  It  gave  an  overview  of 
shape  resonance  effects  in  molecular  fields,  including  several  aspects 
introduced  by  this  project.  Sixth  an  extensive  experimental  program, 
stressing  the  unique  high  resolution/sensitivity  capabilities  of  our  new 
instrument,  has  been  planned  for  the  coming  year.  Also,  plans  for  new 
experimental  approaches,  mentioned  in  Sections  I  and  II,  have  been  developed. 

IV.  PUBLICATIONS 
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